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Abstract

The dead length, 6, for t > 20 ps is well approxi-
mated by 6=60 exp(-t/T) for mixtures of argon-isobutane
with benzene or TEA. 60 varies in an approximate linear
way with the streamer charge and the systematics of T
regarding the high voltage is also presented.

Afterpulses are associated not only with wall
effects but also with photoionization in the gas mixtu-
re itself. Interpretation of the data is attempted.

1. Introduction

Self-quenching streamers (SQS) feature characte-
ristics, that suitably developed, could lead to wides-
pread applications, as radiation detectors, in many
fields of physics. One of them is its localization pro-
perties and associated with it the short dead time. The
dead length of the wire related to each streamer decrea
ses with time; this evolution is of instrumental inte-
rest and may also contribute to clarify some general
features of these processes.

Another important characteristic is the stability
of operation, implying large plateaux. This same stabi-
lity may be related with the achievable position reso-
lution and in this sense one feels that only a proper
control of the development of the streamer can lead to
a significant improvement in position resolution that
would make its applications much more important. Again
the physical processes associated with the streamers,
and most particularly the role played by photons are of
special interest.

In the sequence of a previous paper in which
large plateaux were obtained using as additive benzene
and triethylamine (possible fields of application
would be related to UV detection), in this work we
study the time evolution of the dead length and same
characteristics of stability, in particular afterpulses
development, and relate these data to some features
associated with self-quenching streamers.

2. Experimental system

The experimental system used in this work is the
same as described in ref. [1]. Essentially a proportio-
nal counter with a stainless steel cylindrical cathode
17 cm long and 4 cm diameter, and a nichrane wire 60 um
thick stretched along its axis. The bombarding radia-
tion - X rays frcan a 55Fe source - entered the chamber
through a 10 nmm diameter, 0.001" thick, beryllium
window. The chamber was operated at atmospheric pres-
sure in a continuous flow. Argon-isobutane in appro-
ximately 2:1 proportion (ratio of direct flowneter rea-

dings) was used throughout this work. This proportion
was kept even when a photoionizing vapour was added.
The composition of the gas filling was achieved by
mixing pure argon and isobutane with argon saturated
with the photoionizing vapour.

3. Experimental results

3.1 Afterpulses experimental data

The anode current pulses, through a 50 ohm resis-
tance, fed a fast timing filter amplifier, whose output
was simultaneously observed in an oscilloscope and sent
to a scaler through a discriminator to reject noise and
eventually proportional pulses.

The stability of the chamber was studied as a
function of the gas filling composition, namely for
the following gas mixtures: argon(Ar)-isobutane(Iso),
Ar-Iso-benzene(B) and Ar-Iso-triethylamine(TEA). The
benzene concentrations used were 0.1%, 1.5%, 3.4% and
7%; TEA concentrations were 1.1% and 4.5%. Tb achieve
the lowest concentration of benzene argon was bubbled
through cooled liquid benzene.

The addition of the photoionizing vapour to the
gas mixture has a decisive influence on the stability
of operation of the chamber in the self-quenching-
-streamer mode, and the nature and percentage of that
vapour defines the region of operation of the device.

After the initial rise of the singles rate curves,
due to the transition between the proportional and the
limited streamer pulse operation, the plateaux have a
width that depends strongly on the gas filling composi
tion, at the end of which a new increase is, in most
cases, observed due to afterpulses generation. It must
be pointed out that with pure Ar-Iso mixtures after-
pulses generation occurs at relatively low applied
voltages. With low B and TEA, in general, they appear
only at much higher voltages; the plateau width increa
ses fram about 100 V for 2:1 Ar-Iso mixture, to more
than -1400 V for Ar-Iso-7%B (ref. [1]).

Figures 1, 2 and 3 display a few representative
situations concerning characteristics of the after-
pulses at the same applied voltage of 4700 V. A few
ccmmnents should be made:

- Fig. 1 shows the afterpulses generated in
Ar-Iso. Fig. 1 b) where a larger time-scale has been
used, shows that the afterpulses come in bunches rela-
tively well time defined; the delay time between the
primary pulses and the successive afterpulses is cons-
tant, -500 ns, in agreement with previous observation
of the same phenomena2. This time corresponds approxi-
mately to the electron drift time across the counter
radius, supporting the hypothesis that the mechanism
responsible for the time defined afterpulses is the
emission of secondary electrons from the cathode walls
due to ultraviolet photons associated with the SQS.

- Among the mixtures studied, at the anode volta-
ge being considered (4700 V), besides the Ar-Iso one,
only for very low concentrations of benzene, <0.5%,
time-localized afterpulses appear; no afterpulses,
either fram the walls or from the gas filling are
observed for Ar-Iso-7%B.

- Fig. 2 shows a few afterpulses being produced
at a very low concentration of benzene (0.1%). It is
clear that, although an important fraction of them
tend to develop in time defined bunches, like in
Ar-Iso mixture, others arise between the main signal
and the first bunch, and eventually between successi-
ve afterpulses, as can be seen in Fig. 2 a). Increa-
sing slightly the benzene concentration, no bunches of
afterpulses arise; instead, only a few pulses sprea-
ding in the first 500 ns after the main signal, are
observed.

- A similar pattern is observed with TEA, as dis-
played in Fig. 3. This figure, for 1.1% TEA, also
exhibits afterpulses formation but without time defini-
tion. They also appear within -500 ns of the main
signal and are not time defined. Then, they probably
arise fram photoionizing processes taking place in the
gas filling itself, and not from photoelectric effect
in the cathode wall.
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3.2 Dead length evolution

The dead time characteristics associated with the
SQS mode have been already investigated by some
authors2'5 . It iswell established that a streamer dis-
charge is limited only to small distances along the
anode wire, which implies that, after the ocurrence of
a streamer, only the wire part where it was located
remains blocked for soae time; so, other streamers can
be detected during that time if they develop in other
regions of the wire. To characterize this particular
type of behaviour we will consider the dead length of
the wire, 6, and its variation with time. Other
authors3 defined a dead zone as the product of the
blocked portion of the wire by the time it is blocked.
Values for this last parameter, which depends on the
gas mixture, are in the range of a few tens to a few
hundreds uisxcm: for a mixture of 50% argon + 33% metha-
ne + 17% methylal, 30 psxcm4; for 70% argon + 28% isobu
tane + 2% methylal, 330 usxcm5.

As it would be expected the value of 6 decreases
with the time. The time dependence of 6 was studied by
Alekseev et. a13 using a delayed self-coincidence
method proposed by Kuptsov. In the present work we also
investigated the time structure of 6 and its dependence
on the gas mixture and on the applied voltage, which,
apart fram its instrumental interest may provide infor-
mation on the mechanisms of the SQS development.

In our study the frequency distribution of the
time intervals between two consecutive streamers was
determined and analyzed. This was accanplished by bran-
ching the output of the fast amplifier into two chan-
nels: one goes directly to the stop input of a time to
amplitude converter, TAC, and the other is delayed and
goes to the start input of the same unit. The output of
the TAC is fed into a multichannel analyzer. Provided
that the delay introduced is negligible compared to the
mean interval between pulses, the output of the TAC
will have an amplitude proportional to the time inter-
val between two successive streamer pulses. Using conve
nient time delays obtained by a set of delay units
(Ortec 416A Gate and Delay Generators) the time calibra
tion of the system was made for all the time ranges of-
the TAC.

Time spectra were recorded for the different gas
mixtures under study and for different anode voltages.

In the absence of dead time it is easy to show
that the time distribution refered above would be des-
cribed by a decreasing exponential with a decay cons-
tant that is the mean streamer rate. All the experimen-
tal spectra display this behaviour: except for the
smaller times, the spectra plotted in a semilog scale
are well fitted by a straight line with a slope that,
within the experimental error, agrees with the measured
streamer counting rate. The initial deviation from the
straight line observed for the smaller time intervals
is the result of losses due to the existence of the
dead length. For those smaller times where dead time
losses occur the relative loss in each channel was cal-
culated by (Nc - N')/NC = L(t

where t; is the time corresponding to channel i and Nm
and N' are, respectively, the measured counts and the
corrected counts in the same channel. For most of the
distributions Nc is cbtained by extrapolating the
straight line fitted to the longer time region of the
distribution where the dead time influence is negligi-
ble, Fig. 4 a). For those distributions where the dead
length remains significant even for the longer times,
Fig. 4 b), Ni was calculated using the experimental
results obtained with a longer time range of the TAC,
for the same mixture and anode voltage, after a proper
correction due to the time calibrations of both ranges.

Clearly the relative loss cbserved in each channel
is a function f (6) at the corresponding time. The form
of this function is dependent on the jeanetry of the

collimated beam for the borbarding radiation. It can
be easily obtained for a rectangular window as it is
the case in ref. [3] but not for a circular window as
in our detector.

Let us assume an uniform rate irradiation through
the entrance window and such that the dead time length
is due to only one streamer discharge at a time. Both
these hypothesis are well fulfilled by the long length
of the collimator arrangement and the slow counting
rate used. Events associated with the dead length,
i.e., clusters of electrons migrating to this region
of the wire, are assumed to produce no streamers;
otherwise a full streamer is assumed to develop. Also
diffusion effects of the electron cloud were neglected.
In view of the dimensions of the collimator, R, and
the range of 6, for smaller times 6-R (ref. [3]), care
should be taken concerning dead lengths that extend
outside the radius of the bacbarding beam. This effect
was also taken into account. It is a simple geometric
problem now to establish a relationship between the
percentage of losses and the dead length, i.e., f (6).
The cormputed results are displayed in Fig. 5. Based on
these results andonthe experimental values of the
percentage of losses, L(t) (eq. 1), the values of the
dead length 6 were plotted as a function of time for
different mixtures and anode voltages. To those data
we tentatively fitted exponentially decaying curves,
6=60exp(-t/-r), which gave quite reasonable x2. The
parameters 6,and t112 (=ln2xT) seem then to be a good
choice to characterize the time structure of the dead
length. Fig. 6 a) and b) shows some representative
examples; solid lines represent the best fits obtained
in each case.

Table 1 displays the values of these two parame-
ters for the cases studied, together with other perti-
nent information. Typical errors are indicated in some
cases.

Table 1

Gas Anode Charge t 1/2 60
mixture voltage Q (pC) (Ps) (rnm)

(volt)

Ar-Iso 4200 42 21t3.5 5.9+1.3-0.9

4100 28 31±14 4 4+102
Ar-Iso-4.5% TEA ~ -8 -1.0

4500 46 23±3.5 8. 2±1 . 0

Ar-Iso-1 .5% B 4300 54 20+ 05 8.6-2.0

Ar-Iso-3.4% B 4300 42 21 8.3

4100 26 49+14 4.0±1.0
-7

Ar-Iso-7% B 4200 29 25±3 7.5±0.5

4300 34 21±3.5 8.3

4700 50 15±2 11.0±1.5

4. Discussion

Though it is not possible, at this stage, to
account for the origin of the photons responsible for
the afterpulses or for the dependence of the spectral
distribution of the emission on the applied high vol-
tage, as this in an almost cpen field, a few general
comments can nevertheless be made:

Afterpulse formation in pure Ar-Iso mixtures at
the large iscbutane concentrations used (>28.5%)1
seems to imply that the photons responsible for this
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effect must be beyond the isobutane absorption cut-off,
i.e., X>1640 A (7.56 eV) and below the photoelectric
threshold of the wall, i.e., X<2700 A (4.6 eV) . Under
the simplistic assumption that neither TEA nor B alter
significantly the SQS, then those photons must be
strongly absorved by either TEA and B, which wuld
explain their efficiency as stabilizers (TEA cut-off
occurs at about 2500 A (4.96 eV)8' and B cut-off
occurs at -2700 A (4.59 eV)10-12

Fig. 7 displays photoabsorption cross-sections a
for Iso, B and TEA as a function of wavelength, as
found in the literature. The values for B and TEA are
taken from the liquid phase, but they shouldn't be
very different in the vapour phase. It is clear from
the figure that, besides the total lack of information
on sare spectral regions, the agreement between the
values of a for TEA taken fran different references is
far from reasonable. Nevertheless, from the observed
stabilizing effect of TEA and B, as already described,
and from Fig. 7, the region 1700-2000 A appears as a
reasonable guess for the photons responsible for the
afterpulses originating from the walls.

In fact, in that region, benzene absorbs very
strongly. Assuming an average value for F-50 Mb, the
mean free path will be -0.5 mm for 1.5% B and -8 mm
for 0.1% B. This means that, for the first concentra-
tion the photon beam intensity at the wall is reduced
to about 101'7 of its initial value at the anode wire,
while at 0.1% B that reduction is only of about 10
So, if the photons responsible for the effect lie on
that wavelength region, the stabilizing effect of ben-
zene could be understood.

As far as TEA is concerned, the uncertainties in
a make the analysis more difficult. Assuming, in the
same spectral region, an average value U-60 Mb (curve
2 of Fig. 7), the mean free path will be -0.6 mm for
1.1% and 0.15 mm for 4.5%, which gives a total light
attenuation at the wall. If an average value of o-7 Mb
is assumed (curve 6 of Fig. 7), the attenuation of the
beam will -10-2 and 10 7, respectively. The former
values seem to agree better with the observed results
of the TEA addition.

It seems then likely that the photons responsible
for the afterpulses originating fram the cathode wall
have wavelengths on that region. However, the observed
fact that, for low TEA or B amounts and for very high
voltages, a few afterpulses occur originating from the
gas filling, means that, at least a few photons of
X<1653 A (7.50 eV) and X<1324 A (9.24 eV), respecti-
vely, must be present.

Because the quantum efficiency of B and TEA in the
region 1350-1100 A and 1600-1300 A, respectively, is
high, a few photons could start the process. TEA ioni-
zation potencial lies at a wavelength where absorption
by isobutane is low, so this process could, in princi-
ple, be understood. However, assuming the values of a
of Fig. 7, afterpulses originating fron the ionization
of benzene are not mderstandable, as isobutane absorp-
tion is much higher in that region (both a and the con-
centration are much higher). Of course another competi-
tive mechanism could be one of radiationless energy
transfer between the excited states responsible for the
emission of those photons producing the afterpulses and
appropriate levels of additives. At this stage this is
unknown.

It must be also kept in mind that, besides the
emission from highly excited argon atoms, formed upon
recombination of Ar+ plus electrons, there may be other
emitting species, namely radicals from the broken isobu
tane chain. Scae experimental evidence for such species
in Ar/CH4 mixtures has been reported7. Also we do not
know in what extent, if any, the applied high voltage
alters the spectral distributions of the emitted light.

Fig. 8 correlates 60 with the corresponding charge
value, Q, for the several mixtures studied, and 1/T is
displayed versus the high voltage, for the same mixtu-
res in Fig. 9. The correlation shown in Fig. 8 is quite
clear and reveals a feature that, in general terms,
would be expected, namely that 60 increases with Q. How
ever the experimental errors together with the number
of data points associated with each mixture do not
allow an exact determination of the relationship. The
increase of 60 with Q can sarewhat be supported by the
data in Fig. 6 of ref. [3]. Also frao Fig. 8, scae
dependence on the type of mixture is detected.

The time decrease of the dead length depends
mostly on the mobility of the positive ions and in very
general terms one would expect then an increase of T-1
with the electric field. The electric field around the
wire depends on the high voltage and on the streamer
charge distribution but its mean value on that region
increases with the high voltage, and then when this
parameter increases 1'T should also increase. This
behaviour, see Fig. 9, is not so clear as the previous one
concerning Fig. 8, but sone kind of agreement is found.
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Fig. 3. Oscillograms of the current signals from the
detector in the SQS-myode, showing primary pulses
and afterpulses in the Ar-Iso-1 .1% TEAat 4700 V.
Tine scales: a) 0.5 ps/div; b) 0.1 ps/div.
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Fig. 1. Oscillograms of the current signals from the
detector in the SQS-mcde, showing primary pul-
ses and localised afterpulses in the Ar-Iso
mixture at 4700 V. Time scales: a) 0.1 ps/div;
b) 0.5 ps/div.
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Fig. 4. Frequency distributions of the time intervals
between two consecutive streamers: a) For the
Ar-Iso mixture at 4200 V; a straight line is
fitted to the points corresponding to ti>129 ps;
b) For a Ar-Iso-4.S% TEA at4100 V.
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Fig. 2. Oscillograms of the current signals fran the
detector in the SQS-mode, showing primary pul-
ses and afterpulses in the Ar-Iso-0.1% B at
4700 V. Time scales: a) 0.1 ps/div; b) 1 ps/div.
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Fig. 6. Experimental values of the dead length 6 plotted
as a function of time: a) For the Ar-Iso mixtu-
re at 4200 V; b) For Ar-Iso-4.5%T-EA at41OOV

Fig. 8. Correlation between 60 and the charge Q deve-
loped in the streamer, for argon-isobutane,
argon-isobutane-TEA and argon-isobutane-benzene
mixtures in the percentages indicated.

loor-

(Mb)

so

-c-1

(0ps-)

0.06p.11
r

4.

(-Isobutane (ref. (6] )
2)- TEA (ref. [13] )

3) - (ref [9])
4)- Benzene ( ref. [14))
5)- ( ref. [I 11 )
6)- TEA ( ref. [86)

0.05

0.041-

0.03

0.02
0)(x102)

1ooo T 150 r
1.PIso PSB. 1.P TEA

.'

6. /.
\l. 6\

-. -4
2000

U.

2500 X (A) 3000

K

4100

a

A

0x

0

4300 4500
Anode voltage (volts)

Fig. 7. Photoabsorption cross sections, a, for isobu-
tane, benzene and TEA, as a function of wave-

length, A, as found in literature.

Fig. 9. Correlation between T-1 and the anode voltage
for different gas fillings.
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